Kinetics of conformational transitions in cardiac troponin induced by Ca2+ dissociation determined by Förster resonance energy transfer.
Upon Ca2+ activation of cardiac muscle, several structural changes occur in the troponin subunits. These changes include the opening of the cardiac troponin C (cTnC) N-domain, the change of secondary structure of the inhibitory region of cardiac troponin I (cTnI), and the change in the separation between these two proteins in the cTnC-cTnI interface. We have used Förster resonance energy transfer in Ca2+ titration and stopped-flow experiments to delineate these transitions using a reconstituted cardiac troponin. Energy transfer results were quantified to yield time-dependent profiles of changes in intersite distances during Ca2+ dissociation. The closing of the cTnC N-domain induced by release of regulatory Ca2+ from cTnC occurs in one step (t1/2 approximately 5 ms), and this transition is not affected by Ca2+ release from the C-domain. The other two transitions triggered by Ca2+ dissociation are biphasic with the fast phase (t1/2 approximately 5 ms) correlated with Ca2+ release from the cTnC N-domain. These transitions are slower than the release of bound regulatory Ca2+ (t1/2 3.6 ms) and are coupled to one another in a cooperative manner in restoring their conformations in the deactivated state. The kinetic results define the magnitudes of structural changes relevant in Ca2+ switching between activation and deactivation of cardiac muscle contraction.